Abstract-In this paper, the rotated explicit group method for solution of time domain two dimensional electromagnetic wave propagation is derived using the rotated finite difference approximation. The method is unconditionally stable and provides a significant savings in the computational time compared to the other standard methods of natural ordering.
I. INTRODUCTION
Finite Difference Time Domain (FDTD) method is one of the most commonly used numerical methods for the simulation of wave propagation. This method, known as Yee's algorithm, computes the field components by discretizing the Maxwell's curl equations both in time and space, and then solving the discretized equations in a time marching sequence by alternatively calculating the electric and magnetic fields in the computational domain [1] .
Recently, a reduced scalar version of the FDTD method was developed by Aoyagi et. al [2] . In comparison with the FDTD method, the new version called the scalar wave equation finite difference time domain (WE-FDTD) requires less computation and storage. As both the FDTD and WE-FDTD methods are based on an explicit finite difference algorithm, the Courant-Friedrichs-Lewy (CFL) condition must be satisfied. A maximum time step size is limited by the minimum cell size in a computational domain. To overcome this problem, implicit methods must be employed with have no limit on the time-step size arising from the stability consideration. However, in each time step a global system of equations has to be solved of which will need more cpu time and suffer from large numerical dispersion error. Solving the problems by discretizing its computational domains in a group of points may reduce the computational time and give as good results as the conventional methods. This was proven when Evans and Abdullah skillfully developed the explicit group method according to the asymmetric Saul'yev scheme and applied the method to the solution of parabolic equations, Burger equations, diffusion equations, etc ([3] - [5] ). Later Abdullah and Othman [6] as explicit decoupled method (EDG) and modified explicit group (MEG) method to reduce the algorithm complexity that arises by using explicit group method on elliptic problems. All these methods are favorable in parallelism due to their explicit nature.
In this paper, we extend the concept of explicit decoupled group method for solution of two dimensional electromagnetic wave propagation. We derived the solving formula for a group of points using rotated Crank-Nicolson finite difference scheme which is unconditionally stable. Numerical simulations were carried out on Sun-Fire-v240 machine with one processor and significant savings in the computational time were achieved.
II. STANDARD FORMULATIONS
Consider a two-space dimensional electromagnetic problem given by the transverse magnetic (TM) waves where the field components x
x H E , and y H exist.
To reduce the algorithm complexity in the TM waves formulations, the equations can be combined in a source free
where c is the speed of light in the domain medium and
. Equation (4) forms the basics of the WE-FDTD algorithm which can be discretized in many ways. By averaging the central difference approximation on the right-hand side of equation (4) about the points (i,j,n+1) and (i,j,n-1), the standard difference equation known as the Crank-Nicolson method is obtained as 
(
where t  is the time step and  is the space cell size in the x and y directions respectively. It has been established that this equation is unconditionally stable with principal error of order ) (
The computational molecule is shown in Fig (1) .
III. ROTATED CRANK NICOLSON FINITE DIFFERENCE APPROXIMATION
Another type of finite difference that can be used to approximate (4) is the cross orientation. This can be done by rotating the x and y plane axis clockwise by 45 0 with the grid spacing ∆→√2∆. With the new displacement as shown in Fig (2) , the rotated finite difference approximation for (4) becomes
Upon simplification, the following finite difference equation is obtained:
The rotated scheme is also unconditionally stable and has a principal local truncation error of order
IV. IMPLEMENTATION OF THE EDG METHOD
We develop the solving formula for the explicit group points using rotated finite difference scheme based on (6) for any group of four points A(i,j), B(i+1,j+1), C(i+1,j) and D(i,j+1) on the discretized domain at any time level n + 1. 
The system leads to a decoupled system of 2×2 equations which can be written in explicit form as: 
This gives the solving formula for explicit decoupled group of two points on the solution domain. The computational molecule of the explicit decoupled group system is illustrated in figure (3) . From the diagram, it can be observed that the iterative evaluation of equation (7) involve only points of type until a convergence criteria is met. The remaining points can be evaluated directly at the required time steps using (5) which is the standard Crank-Nicolson scheme. These equations can be implemented independently, therefore the execution time can be saved by nearly as half as it iteration is only carried out on half of the solution domain. For simplicity, we consider the number of interior points (m -1) to be an even number such that each group 2 , =1,2,...,(( 1) / 2) G l m l  consists of two points. 
V. NUMERICAL EXPERIMENTS AND RESULTS
We perform the numerical simulation on (4) in a lossless medium with normalized electric permittivity and magnetic permeability, that is ε = μ = 1. We set the solution region as The results from table (I-III) show that the EDG-CN method is relatively good as comparison to the conventional FDTD and the standard Crank-Nicolson methods in terms of accuracy. However, the rate of convergence using the EDG method is faster than the the standard Crank-Nicolson methods due to it less iteration number. Furthermore, the proposed EDG method significantly reduces the cpu time to nearly 50% and as fast as the conventional FDTD method. 
VI. CONCLUSION
We have demonstrated the implementation of the explicit decoupled group (EDG) method on two dimensional electromagnetic wave propagation based on the rotated Crank-Nicolson approximation. It is observed that the EDG method provides significant saving in the computational time compared to the other methods. In fact, the EDG method can be one of the computational tools for solving any problems related to electromagnetism as well as the FDTD method.
(INSPEM) for the computing facilities.
